Resconi, Keenan, Barahona, Guerrero, Kerry & Hamill, 2016) -and due to the increased focus on 48 clean label ingredients in food processing in general. 49 50 It is well known that starch helps to retain water and can also affect other quality characteristics of 51 meat products, such as texture, sensory, and colour. However, the magnitude of these effects 52 differs according to several factors such as the botanical origin of the starch, chemical/physical 53 processing and concentration, the matrix in which it is acting, the technological process, cooking 54 temperatures, and salt concentration (Li & 
Sensory analysis 162
The panel consisted of eight members experienced in the analysis of meat products. The sensory 163 profile was developed in two additional sessions. The resultant descriptors were: intensity of pink 164 colour (low -high); number of holes (no holes -many holes); meaty odour, the odour associated 165 with cooked pork; cooked ham odour, the typical odour associated with cooked ham; juiciness, 166 amount of perceived juice released from the product during mastication (initial chews); tenderness, 167 force required during the first bite between molars to deform the sample; springiness, degree and 168 rapidity of recovery from a deforming force (compression by molar teeth); adhesiveness, force 169 required to remove material that adheres to the mouth; cooked ham flavour, the typical flavour 170 associated with cooked ham; and saltiness, taste of sodium chloride. Scores of the samples per 171 plate were indicated in a 10 cm structured lineal scale, transformed into a numerical scale (0-100) 172
for the statistical analysis. The quantitative descriptive test was performed in individual cabins 173 with controlled environmental conditions under red light (ISO-8589, 1988 ). The test comprised 174 five weekly sessions, and excepting the first session, samples from hams cooked on both the 175 present and the previous week were presented (two repetitions per run) randomly in three / four 176 samples per plate. Cross-sectional slices of each ham, 2 mm thick, were cut into three portions, 177 wrapped in aluminium foil and marked with a random 3-digit code. To avoid the possible effects 178 of the order of presentation and first-order carryover effects, the samples were presented in a 179 balanced order (Macfie, Bratchell, Greenhoff & Vallis, 1989 contour or interaction plots. In the plots, the levels of one or two factors are shown while the others 196 are fixed to the levels specified in the figures. Table 3 chicken meat batters produced with modified tapioca starch had lower cook loss compared to 230 products made with regular tapioca starch and regular and modified potato starch. In the present 231 study, the two starches studied acted similarly and no synergistic effect was observed. Fat and 232 protein percentage were lowered by the two starches (Table A1) but also by their effects in water distribution and other texture parameters. However, it should be 253 noted that a difference in objective measurements of colour is not necessarily translated into a 254 difference in colour acceptability (Resconi et al., 2016) . In fact, in the present study, no correlation 255 between overall liking and pink colour intensity was found (Table 3) . Furthermore, the mean cured 256 colour ratio obtained was 2.41 ± 0.133, which was unchanged by the factors studied and indicates 257 that an "excellent cured colour" (Sindelar et al., 2007) 
Flavour and overall liking 311
Ham flavour intensity was affected linearly by all the factors tested (R 2 = 0.52), but overall liking 312 was improved only by STPP (Table 4) . Meaty and ham odour intensities and saltiness did not 313 provide significant models (P > 0.05), in spite of the increase in salt percentage caused by STPP 314 (Table A1 ) and the previously reported effects of phosphates on saltiness (Matlock, Terrell, 315 Savell, Rhee & Dutson, 1984) . Both starches decreased the ham flavour intensity, which could 316 potentially be explained by the dilution of the meat components, although this was not observed 317 in a recent whole muscle ham study (Resconi et al., 2016) . 
Comminution degree 327
Cook loss was slightly higher for the coarsely ground meat using the kidney plate (100/0) 328 compared with the more finely comminuted 80/20 treatment, but the effect of comminution degree 329 on cook loss was much less than the effects of the functional ingredients tested (Table 2) beef (grinder plate hole: 0.6 and 1.4 cm, respectively); whereas no effect of pre-mincing in cook 332 yield was found in other studies (Boles et al., 1998 ; Estévez, Ventanas, Heinonen & Puolanne, 333 2011). As discussed previously, comminution degree affected the colour of hams differently 334 depending on the level of RS (Figure 2) . Similarly, interactions between non-meat ingredients and 335 particle size were found previously for lightness in restructured beef (Cofrades et al., 2004) . In 336 another study with deli ham rolls, smaller particles gave lower L* and b* values (Schilling, 337 Alvarado & Marriott, 2004a). In the present study, a tendency for the effect of comminution 338 degree to influence instrumental texture was found (P = 0.056), with the meat ground 100% by the 339 kidney plate being less hard, potentially due to a lower bind strength for the larger meat pieces, as12 suggested previously (Cofrades et al., 2004) . The 100/0 samples were also less chewy, gummy and 341 springy (Table A2) . However, differences were not perceived sensorially. 342
343
The hams with 100% kidney plate ground meat were associated with a more intense flavour. In 344 reformed beef, the acceptability of flavour of coarsely ground meat was improved compared to 345 finely ground in one study (Cofrades et al., 2004) , although no such effects were found in Boles 346 and Shand (1998). 
Optimization 358
Through the use of the optimization tool of the RSM, using the criteria 'minimizing cook loss, 359 maximizing overall liking', 82 different formulations were proposed, which are summarized in 360 Table 3 . The two comminution levels studied could be used similarly. The optimal adjunct 361 combinations (higher desirability) for the selected criteria were achieved when 0.3% of STPP and 362 > 0.6% of any starch (or a combination of both) were included. With this solution (solution a), the 363 predicted cook loss improved with respect to a reformed ham without starch (< 2.0% versus 2.6%). 364
However, very subtle (almost no) predicted deterioration of the two responses (cook loss and 365 overall liking) could be achieved by reducing STPP to 0.18% and including any starch at 2% 366 (solution b). When using only salt and phosphate as binders, Schwartz and Mandigo (1976) 367 concluded that at least 0.13% of sodium tripolyphosphate is needed when producing restructured 368 pork. The third solution explored (solution c) implies practically avoiding the use STPP (adding 369 just 0.03%) and including 2% of starch, resulting an estimated cook loss of approximately 5% 370 (acceptable) but a lower sensory acceptability (Table 3) . 371 13 372
CONCLUSION 373
Based in our results we recommend a reduction in the use of STPP in reformed hams through the 374 inclusion of starch at optimised levels to achieve a similar technological quality to products with 375 standard phosphate inclusion levels (0.3%). It is likely that formulations achieving this level of 376 reduction will be positively received by consumers. A total exclusion of STPP is not 377 recommended by the models, largely because this work suggests phosphate plays an important role 378
in the sensory quality of reformed ham products. The different type of starch (potato or rice starch) 379 and the different comminution degree studied differed somewhat in their effects on several of the 380 objective characteristics, such as the colour or the texture of the hams. However, both starches and 381 comminution levels studied could be used similarly to achieve good yield and sensory 382 acceptability of the product. Predicted optimal formulations for cook loss and sensory acceptability 383 included 0.3% of STPP and > 0.6% of either starch (or a combination of both), by using either of 384 the comminution levels studied. 
